eters can lead to retrograde infection of the ventricles (also known as ventriculostomy-related infections or VRIs) followed by ventriculitis. The definitions for these infections vary. The Centers for Disease Control and Prevention defines adult ventriculitis by the presence of 1) a positive CSF culture or 2) signs of ventriculitis accompanied by use of antibiotics and evidence of CNS infection (at least one of the following: CSF pleocytosis; high CSF protein or low glucose level; organisms on CSF Gram stain; positive blood culture; positive antigen from CSF, blood, or urine; or positive serologies against pathogens associated with ventriculitis). 10 Because this definition does not re-
Rates and determinants of ventriculostomy-related infections during a hospital transition to use of antibiotic-coated external ventricular drains quire positive CSF cultures and excludes the potential for catheter contaminants and colonization, many researchers instead accept the criteria proposed by Lozier et al., 11 who define a VRI by the presence of 1 or more positive CSF cultures and/or Gram stains as well as abnormal CSF values (pleocytosis, high protein, low glucose).
The incidence of VRIs ranges from 2% to 27% depending on the study. 4 Disparities have been ascribed to marked methodological differences, variability in definitions of infection, and sporadic use of antibiotics that often suppress detection of infection. A meta-analysis of 23 major studies comprising 5733 EVD insertions and 5261 patients demonstrated a cumulative rate of positive CSF cultures of 8.8% per patient or 8.1% per EVD. 11 Several approaches have been advocated to prevent VRIs. One has been to use prophylactic antibiotics either at the time of EVD insertion, during the first 24 hours postinsertion, or in a prolonged systemic fashion (thus, PSA) while the EVD is in place. Evidence to support PSA is limited by the scarcity of adequately powered randomized controlled trials 14, 19 and conflicting results. 5, 11 As a result, there is no consistent practice regarding use of systemic antibiotics with EVDs and preference is largely based on tradition and training. 12 A more recent approach is the use of commercially available ac-EVDs. In an industry-sponsored study, Zabramski et al. 20 randomized 288 patients to one of two groups: one receiving a VentriClear catheter, which is coated with rifampin and minocycline, and one receiving a conventional EVD. The ac-EVD group had a lower rate of CSF and catheter-tip culture positivity, but there was no comparison of outcomes based on a definition of VRI that included abnormal CSF parameters.
To reduce VRIs, NewYork-Presbyterian Hospital began using ac-EVDs containing rifampin and minocycline in late 2007. This study compares rates of VRIs in the NICU during 3 time periods: when only conventional EVDs were used (Period 1), when either conventional EVDs or ac-EVDs were used (Period 2), and when only ac-EVDs were used (Period 3). Prolonged systemic antibiotics, with cefazolin or vancomycin in the case of penicillin allergy, were used during all 3 time periods. The purpose of the investigation was to evaluate the rates of VRIs after ac-EVDs were introduced as the standard of care.
Methods
A retrospective chart review was conducted of adult patients admitted to the NICU who underwent placement of an EVD between February 1, 2007, and November 30, 2009 . Eligible patients were 18 years and older and underwent placement of their first EVD after admission into the NICU. Individuals were excluded if they received an EVD for management of a prior EVD infection or if they had an EVD placed prior to the study period.
Subjects were divided into groups by type of EVD used depending on NICU admission date: Period 1 corresponded to a time when only conventional EVDs were used Catheters were inserted as separate procedures or in the setting of other surgical procedures such as craniotomies. Standard protocols were implemented for care of the ventricular catheter to avoid contamination of the systems. Per institutional policy, EVDs are usually inserted within 48 hours of admission to the NICU when indicated and are maintained at 10 cm above the external auditory meatus as long as the underlying reason for CSF diversion is present. The decision of whether to remove the EVD is based on the absence of raised intracranial pressure, the presence clinical symptoms, or the detection of radiographic signs referable to worsening hydrocephalus. Patients in whom these criteria are not met undergo ventriculoperitoneal shunting.
Electronic medical records were used to extract information on demographics; laboratory values; microbiology data from CSF, EVD catheter tips, tracheal aspirates, blood, and urine; use of antiinfective agents for prophylaxis and treatment of infection; EVD and other device (for example, spinal drains, ventricular peritoneal shunt, and so on) insertion and removal dates; indication for ventriculostomy catheter placement; and mortality.
The primary goal of the study was to compare the rates of definite and probable VRIs across the 3 periods. A VRI was defined as definite if there were clinical signs and symptoms of infection, abnormal CSF parameters, and a positive CSF culture; a VRI was defined as probable if clinical signs and symptoms and abnormal CSF parameters were present but the culture was negative; and no infection was defined as having no CSF abnormalities and a negative CSF culture. The secondary goal of the study was to evaluate predictors of VRIs.
Statistical Analysis
Baseline characteristics were compared between patients with and patients without VRIs by using chi-square or Fisher exact test for categorical variables and 2-sided ttests for normally distributed continuous variables. The incidence of VRI was calculated as cases per person-catheter days. We compared bivariate rates of VRI between EVD periods using the Kaplan-Meier survival curves. The logrank test was used to compare the differences in survival rates between changes in EVD type in the 3 observational periods. Effect modification was assessed by using interaction terms in a stepwise logistic regression. We used a criterion of p < 0.10 for each variable or interaction term to be added to the model, and a p < 0.05 criterion for the variable or interaction terms to be kept in the model after subsequent variables were added. These characteristics were further evaluated in a Cox proportional hazards model for risk estimates of VRI in patients with EVD placement during the 3 study periods. Time to infection was defined as days after EVD placement until diagnosis with a probable or definite VRI. Survival of infection was analyzed using a multivariate Cox regression model to estimate the simultaneous effects of independent variables on the incidence of VRIs. Proportional hazard ratios with 95% confidence intervals were calculated. All analyses were conducted in SAS 9.2 (SAS Institute Inc.)
Results

Patient Characteristics
Between February 2007 and November 2009, 141 patients underwent placement of an EVD after admission to the NICU. Among patients receiving an EVD, 21 (14.8%) of 141 developed a VRI during the course of their first EVD placement: 2 (9.5%) of 21 were definite VRIs with a positive CSF culture (one with Escherichia coli and one with Staphylococcus epidermidis) and 19 (9.0%) of 21 were probable VRIs with negative CSF cultures but with abnormal CSF values and clinical signs/symptoms. Table 1 shows the characteristics of these 2 groups. Patients who had a VRI were more likely to be female than male (23.7% vs 3.1%, p < 0.003) and to have had the EVD in place for a longer duration (7.6 ± 6.1 days vs 11.5 ± 7.9 days, p = 0.04). The most common conditions that necessitated EVD placement were SAH (43.2%) and intracranial hemorrhage (28.4%), followed by tumors (21.3%) and trauma (2.8%).
Rates of VRIs
The proportion of VRIs among patients who required EVD insertion decreased from 23.5% in Period 1 to 16.3% in Period 2 and 4.3% in Period 3 (p = 0.03).
The incidence of definite/probable VRI (per 1000 personcatheter days) decreased significantly as well (24.5, 16.2, and 4.4, respectively; p < 0.001). Kaplan-Meier analysis (Fig. 1 ) indicated that incidence rates between periods were significantly different (p = 0.009, log-rank test).
Analysis of effect modification in a stepwise model showed that period, age, and age and female sex interaction were significant predictors of VRIs. Although duration of EVD therapy was significantly associated with VRIs, there was no significant difference seen between the 3 periods (7.9 ± 6.7 mean days [Period 1], 8.1 ± 7.1 mean days [Period 2], 8.6 ± 5.8 mean days [Period 3]; p = 0.87, ANOVA) and was therefore not evaluated in the model. Hazard ratios showed that period was the strongest predictor of VRI (p = 0.0075) ( Table 2 ). After adjustment for age and age/sex interaction, the survival rate was 53% at the end of Period 2 and 91% at the end of Period 3.
Discussion
We evaluated the effectiveness of ac-EVDs by comparing VRI rates in the NICU during 3 different treatment periods when we transitioned from using conventional EVDs to ac-EVDs. The proportion of EVD-treated patients with definite/probable VRIs decreased from 23.5% in the period when only conventional EVDs were used, to 16% when conventional EVDs and ac-EVDs were both used, to 4.3% in the period when only ac-EVDs were used. This represents a risk ratio of 0.18 and an absolute risk reduction of 19.2% after transitioning from conventional to ac-EVD use. Female sex and duration of EVD insertion were significant predictors of VRIs in bivariate analyses; however, only sex and the interaction between sex and age were significant after logistic regression and analysis for effect modification. In an analysis of effect modification, time period was the strongest predictor of VRI. The reduction in VRIs to 4.3% after introduction of ac-EVDs is similar to the rates seen in other retrospective and prospective studies of ac-EVDs use, where infection rates were decreased to 0.9%-5% per EVD. 3, [6] [7] [8] 13, 15, 16, 18 However, studies differ in terms of how they define a VRI and also by the presence of prolonged antibiotic prophylaxis, making direct comparisons with our study difficult. Zabramski et al., 20 for example, reported results from a 6-center randomized clinical trial in which minocycline and rifampin ac-EVDs were compared with conventional EVDs, and almost all patients received PSA throughout the EVD placement period. Cerebrospinal fluid cultures from EVDs were obtained at regular intervals, and EVD catheter tips were cultured after removal. The ac-EVD group had a lower rate of CSF culture and catheter-tip culture positivity, but there was no comparison of outcomes based on a definition of VRI that included abnormal CSF parameters, making it difficult to discern whether the results reflect a difference in rates of VRI or just catheter colonization. Other studies have also used a positive CSF culture to define VRI, but they vary in their sampling frame, from systematic CSF surveillance 2, 7, 8, 18 to sampling only when there are clinical indications such as fever or leukocytosis. 3, 15, 16 Among published observational studies, the largest was conducted by Harrop et al., 8 in which 1961 ventriculostomies were observed over 6 years during 5 different periods of VRI control. Rates of VRI were lower in both periods during which ac-EVDs were used (0.9%-1.0%) than in periods when a conventional EVD was used (6.7%-8.2%). A VRI was defined strictly as having 2 positive CSF cultures obtained from the EVD and a concurrent increase in CSF white blood cell counts. Prolonged systemic antibiotics were not used during any study period. Use of antibiotics varied in other studies, ranging from use of periprocedural antibiotics, 1, 9, 16 to partial use of PSA, 3 to consistent use of PSA. 18 Despite the difficulty in combining data with such differences in outcome definition and PSA practice, a recent meta-analysis by Sonabend and coworkers 17 pooled 1 randomized control trial and 3 observational studies to estimate a risk ratio of 0.19 (95% CI 0.07-0.52) for ac-EVD use in the prevention of VRIs, which was very similar to our study findings. The predominant indication for EVD placement in our study was SAH (43.3%), similar to that at other institutions. 1, 16, 20 Duration of ac-EVD therapy was significantly higher in the group with VRIs (11.5 ± 7.9 vs 7.6 ± 6.1, p = 0.04) and is a commonly observed risk factor for VRIs. 3, 9, 11 In our study, females were 6 times more likely to have VRIs after EVD insertion than males (OR 6.4, p < 0.005). This could be because women are much more likely than men to have SAH, and VRIs were more likely to occur in patients with SAH than other conditions requiring EVD placement. In a study by Sloffer et al., 16 SAH accounted for 71.7% of indications for EVD and the authors' analytical cohort also had a significantly higher proportion of women (61 women vs 39 men). Another study that evaluated VRI risk factors 3 in a predominantly male cohort (79%) also found that males were less likely than females to develop VRI (9% vs 33%, p = 0.009). Additional prospective and randomized studies are necessary to discern whether the observed increased risk of VRI in women is due to confounding factors or is indicative of biological susceptibility.
In our institution, PSA with cefazolin or vancomycin for penicillin-allergic patients was given to all patients from time of insertion to removal of the EVD. While there is some data suggesting that PSA prevents VRIs seen with conventional EVDs, 3, 14, 17 there are no data to suggest that PSA provides additional clinical or microbiological benefit in combination with ac-EVDs. There are several risks associated with prolonged antibiotic exposure including development of antibiotic resistance, adverse effects of the antibiotics such as antibiotic-associated diarrhea, and Clostridium difficile infection. We did not observe an increase in the number of resistant organisms in the available sputum or urine cultures of patients receiving cefazolin or vancomycin for their EVD; however, cultures were sent only when clinically indicated. To truly assess the impact of PSA with EVDs, participants' samples would have to be systematically cultured at regular intervals.
The 2 main limitations of this study are its retrospective design and its limited sample size. Definitions for infection were highly reliant upon documentation in the medical record and opinions of the primary team. Variations in documentation and practice deviations among providers cannot be accounted for in the present study; however there is nothing to suggest that these were significantly different in any of the 3 time periods. The modest sample size limited our ability to detect smaller differences in infection rates or other risk factors.
Conclusions
In this retrospective cohort review, we observed a decrease in rates of VRIs during a transition from use of conventional EVD catheters to use of ac-EVDs. Even though PSA was used throughout the 3 periods, VRI rates were significantly reduced with the introduction of ac-EVDs. These results suggest that routine use of PSA could be discontinued with utilization of ac-EVDs, thereby limiting the potential adverse effects and development of resistant colonizing organisms associated with antibiotic exposure.
